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Physical and Chemical Properties 
of Soil Profiles of the Burchard 
and Steinauer Series 
H ENRY W. S M IT H AN D H.F. R HOADES 
D epartment of Agronomy 
THE purpose of this bulletin is to report an in vestigation of the soils mapped 
as types of the Burchard and Steinauer series. Burchard soils are described 
as nea rly mature Prairie soils, and Ste inauer soils as Lithosols, by the Division 
of Soil Survey (9, 8) . The C horizons of soils of both series consist of cal-
ca reous glacial drift. A part of the conclusions drawn from the invest igation 
of these soils is based upon observations made in the field in southeastern 
Nebraska, the remainder upon laboratory data for samples taken by horizons 
from nine pro fi les. F ive of these were fro m areas established by inspectors 
and surveyors as type locati ons in Paw nee county. T wo were fo r Burchard 
clay loam, two fo r Steinauer loam, and one for Steinauer clay loam . One 
profi le had bee n established in Lancaster county as a type location for Carring-
ton loam, before the Burchard series was recogni zed . It would now be called 
Burchard loam. The remaining three profiles were chosen to represent soils 
w hich might be mapped as types of the Burchard se ries, but which had some 
of the characteristi cs of three related series, viz ., Carrington, Steinauer, or 
Pawnee. T he first of these was from Otoe county, the other two from John-
son county. All of the profiles were taken from grassed roadside areas. 
Mention is made in the detailed profile descriptions of the minor disturbance 
of some of the surface soils. Figure 1 shows location of profiles . 
MAPPING HISTORY 
The firs t publicati on in Nebraska to show the location of soils derived from 
glacial dri ft 2 was the survey of Lancaster county in 1906 (5) .3 Only one soil 
was mapped on glacial drift and that was then classified as Marshall loam . 
It was described as having a brown to dark brown or dark reddish-brown 
surface soil, ranging from 10 to 15 inches in depth . The subsoil 'was variable; 
1 Former Instructor and Associate Professor, respectively in the Department of Agro nomy. The senior 
au thor is now Instructor in Soils, State College of Was hing ton. The field recon naissa nce prepa rato ry to the 
location of the sampl in g areas was by the authors. They were assisted by notes concernin g type locations, 
furn ished by the Division of Soil Suney, Bureau of Plant I ndust ry, Soi ls, and Agricultura l Engineering; the 
Regional Soil Conservation Surveys Divi11ion, Soil Co nservat ion Service; a nd the Soil Survey Department of 
the Conserv,1tion a nd Survey Division. U ni versi ty of Nebraska . Soi l sa mp ling was done by the senior 
author with the assistance of Robert K. Gerloff Robert Bea ll , and the junior author. Ass ista nce with the 
ana lyses was furnished by Robert Rami g, Ll oyd Frederick, and Cha rl es Bourg. 
This section summa rizes the mappi ng history of so ils developed from g lac ia l d rif t in Nebraska . As soil
classification progressed in the state. and a large r number of d iffe rent soi ls was recog ni zed, it beca me neces -
sary to introduce new names and 10 revise the use of the cld names. The next section dea ls with the 
present mappi ng of so ils developed from g lacia l d rifr. 
County so il survey reports in Nebraska a re published by the United States Department of Agriculture 
and a re based upon cooperat ive work be tween the So il Survey Divis ion of the Bureau of P lant Industry , 
Soi ls, and Agri cu ltural Engineering, and the Soi! Survey Department of the Conservation and Survey Divi-
sion of the Unive rsity of Nebraska
3 
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the color ranged from yellow to reddish-yellow and gray; the mechanical 
composition varied from sand and gravel to fine-textured clay; and lime con-
cretions were usually plentiful. 
In Otoe county (27) in 1913, a soil whose description is in general similar 
to that of the Marshall loam in the 1906 Lancaster county survey was mapped 
as Shelby loam. Mention was made of variation from the typical in about 20 
per cent of the a rea, the texture of the subsoil being the chief variant. 
In Nebraska, separation within the soils derived from glacial drift was first 
made in the Saunders county survey ( 13) in l 915. This separation was based 
primarily on parent material differences outlined as follows: 
Below the Plains loess lies the weathered phase of the K ansan 
drift, which has given rise to the Shelby silt loam type. It is 
rather difficult to differentiate between the loess and the 
weathered phase of the Kan san drift. The latter is a yellowish 
or pale-yellow to light-gray, smooth, silty material, containing 
numerous lime concretions and iron blotches. It has a vertical 
structure and is practically stone free, though searching will dis-
close a few large sand grains and small cobblestones . ... Below 
the Loveland (weathered) phase of the Kansan drift is the Kan-
san drift proper. There is a sharp line of demarcation in color 
and texture between these two divisions. The upper part of the 
Kansan drift is thoroughly oxidized, showing that it has been sub-
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F1cuRE 1.--Location of soil p rofil es sampled in southeastern Nebraska. 
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jected to weathering. Undoubtedly the weathered phase has been 
so much altered by wind action that it has lost much of its drift 
characteristics . ... . The Kansan sheet is distinctly till and con-
sists of a heterogeneous mass of clay, silt, sand, gravel, and 
bowlders . ... This drift sheet has given rise to the Shelby loam. 
5 
A similar separation was made in Nemaha county ( 11) in 1916, but the 
names which were applied were Carrington silt loam and Shelby loam. 
These two types were also mapped in Gage county (12) in 1916, with a 
similar distinction. In addition, a flat phase of Carrington silt loam was 
mapped; it is described as follows: 
[The surface soil is] ... a dark-brown, heavy silt loam, 8 to 12 
inches deep, which changes abruptly to a compact, tough, mod-
erately crumbly, dark-brown to nearly black or dark-drab silty 
clay, faintly mottled with light brown. At 24 to 30 inches the sub-
soil changes to a yellowish-gray silty clay to silty clay loam. The 
lower subsoil is compact though moderately friable, and not as 
tough as the upper subsoil . ... The lower subsoil is occasionally 
high in lime, which occurs chiefiy in the form of concretions. 
A variation not delineated on the map was a soil within the Shelby loam 
area described as follows: 
The soil is a brown to dark-brown loam, 6 to 8 inches deep, 
passing gradually into a brownish or yellowish, friable, heavy 
loam to clay loam. The lower subsoil is somewhat lighter in tex-
ture and color, and even more friable, and is highly calcareous, 
the lime occurring chiefiy as marly deposits in joints and seams 
and as concretions. Light gray and rusty-brown mottlings are 
quite common. 
The subsoil is similar to that found in a Burchard or Steinauer profile as 
recognized at present. 
In Seward county ( 14) in 1916, similar geological conditions were recog-
nized . Mention was made of the Kansan drift and of the silty part of the 
Kansan drift, which was " ... principally composed of silt or material that 
weathered into silt." A soil separation was made which appears from the 
bulletin to be similar to that made previously, but the types were called Car-
rington silt loam and Carrington loam. 
Recognition of the Kansan drift proper, and of its upper weathered phase 
was also made in Pawnee county (4) in 1924. Types of the Carrington and 
Pawnee series were described as being developed from the weathered phase, 
whereas the Shelby soils were derived from Kansan drift proper. The separa-
tion was evidently similar to that made previously in Gage county, except 
that the flat phase of Carrington silt loam was given the type designation of 
Pawnee silt loam. Additional types were introduced, with .both Carrington 
silt loam and loam, and Pawnee silt loam, loam, and silty clay loam. 
In Butler county (6) in 1924, Carrington silt loam and a shallow phase 
of Carrington loam were mapped. It would appear from the descriptions that 
these types were mapped only where the parent material was definitely glacial 
drift. 
Carrington silt loam and loam, and Shelby loamy sand were mapped in 
Saline county (7) in 1928. It would seem from the descriptions that at this 
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date Carrington and Shelby soils were mapped only where the parent material 
was undoubtedly drift. This concept seems to have been in force in Ne-
braska in ·subsequent mapping and was extended. also to the Pawnee series. 
During this period, up to 1939, the Shelby of Nebraska was mapped as a 
Lithosol, the Carrington as a Prairie soil, and the Pawnee as a Planosol, as 
those great soil groups were recently defined (2). The parent material was 
glacial drift of va riable texture and lime content. 
CURRENT MAPPING AND CLASSIFICATION 
A division within the Shelby and Carrington series was made in 1939 when 
Steinauer and Burchard were proposed as tentative series names in the Turkey 
Creek Soil Conservation District, Pawnee county, Nebraska. These two series 
names were officially approved in 1942 The following generalized descrip-
tions are adapted from mimeographed notes of the Division of Soil Survey 
(8, 9); they are not officially approved, and are subject to revision. 
BURCHARD SERIES 
The Burchard series includes nearly mature soils of the uplands 
developing on calcareous areas of Kan san drift in the Prairie soil 
z one. These soils differ from those of the Carrington series 
chiefiy in having thinner solums and in having lime in the lower 
part of the solum, and from Steinauer soils in having thicker and 
better developed profiles and lower lying lime. 
Variations: Chiefiy in the thickness of the surface soil and in 
the depth to lime which commonly begins at from 16 to 30 
inches below the surf ace. 
Topography: Rolling to steeply sloping. 
D rainage: Surface and internal drainage are good. On the 
steeper cultivated slopes erosion is becoming more and more 
active under the present farming system. 
Natural vegetation: Chiefiy prairie grasses; scattered trees in 
places. 
Distribution : Central and southeastern Nebraska, northeastern 
Kan sas, and western Iowa. 
STEINAUER SERIES 
T TheSteinauer series includes Lithosols fo rming on calcareous 
drift in the northern part of the Prairie and Chernozem soil zones. 
They differ from the Shelby soils in Nebraska and Kansas only 
in containing lime, and from Burchard soils in being thinner, less 
well developed, and limy to or near the surface of the ground. 
V Variations Chiefiy in the thickness of the solum over the drift 
and in the darkness of the topsoil. In places the parent drift is 
exposed. 
Topography : Rolling to steep or rough and broken . 
D rainage: Surface drainage is good to excessive. In some areas 
gully erosion is severe. The soils have good internal drainage. 
Personal communication from James Thorp. 
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FIGURE 2.-Top, Burchard topography. Bottom, Steinauer topography in foreground, sloping 
down to Wabash area; Burchard and Steinauer topography in background. Both areas 
are in Pawnee county, Nebr. Photographs by Belle C. McLean and R. W. Hufnagle, Soil 
Conservation Service. 
Natural vegetation: Tall grass associations chiefly; scattered 
trees are not uncommon in the more southern distribution of the 
soil, but have not appreciably influenced the soil character. 
Distribution: Central and southeastern Nebraska, northeastern 
Kansas, western Iowa, and eastern parts of North Dakota and 
South Dakota. 
From a broad point of view, one might put the Burchard and Steinauer 
soils in the Carrington catena, along with those ,of the Shelby, Pawnee, and 
Carrington series. All of these are derived from glacial drift, but the varia-
ation in degree of calcareousness and possibly in lithological character of this 
drift would be considerable. In a study of soil development it seems prefer-
able to place Burchard and Steinauer soils in one catena, with those of the 
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Carrington and Shelby series in another. The disposition of the Pawnee series 
is a moot question. 
SOIL SAMPLING AND MORPHOLOGY 
For the sampling of most of the profiles, a pit approximately 2.5 feet wide 
and 6 feet long was dug through the B horizon and into the calcareous glacial 
drift below After the walls of the pit were examined, the horizons were 
delineated and described. Samples were obtained from each horizon by means 
of a spade, placed in paper bags, and taken to the laboratory. After the soil 
had become air-dry, the visible gravel was removed. The samples were then 
put through a coarse crusher, and shaken over a No. 10 sieve. Gravel pieces 
which had been exposed by the crushing were removed, and the remaining 
material was put through the crusher once again. This procedure of alternate 
soil crushing and removal of gravel was continued until all of the sample 
other than gravel had passed the No. 10 sieve. Only a small part of the 
gravel originally larger than 2 mm. in diameter was crushed. The screened 
samples were mixed and stored in closed glass jars. 
The nomenclature for horizon designation was essentially that of Kellogg 
( 10). A1 horizons were dark colored and granular in structure. and 
horizons were transitional in character. The portion of. the solum which 
appeared to be finest in texture and least friable was called B2 • Horizons trans-
itional in nature between the solum and the glacial drift were labeled B3 . 
The recognition of the horizons by these criteria was often difficult, however; 
in several instances the laboratory data do not bear out the choice of names 
made in the field . 
Color names in the detailed descriptions are according to the Standards of 
Rice et al., (19) Since this publication was not available when the profiles 
were sampled, later correlation of the authors' designations with those in the 
color chart was necessary. This correlation was made in part by examining 
the crushed samples, both when air-dry and when wet to their approximate 
field carrying capacity, and in part by re-examination in the field. Color names 
to be applied to stains, mottlings, and concretions were determined by later 
re-examination of many of these profiles in the field. In the detailed descrip-
tions, a color range is often given for the matrix of a horizon. In these instances 
the color of the dry soil is g iven first, that of the moist soil second. 
EXPERIMENT AL METHODS 
Volume weight and field moisture.- For most of the soils, samples were 
taken from each horizon of the exposed profile by a method described pre-
viously (25). 
Hygroscopic coefficient.- Moisture percentages were determined on initially 
air-dried samples after they had been exposed in thin layers to vapor sorption 
over tap water. The soil trays were placed in special sorption boxes for 24 
hours at a temperature of. 25° C . The aqueous humidity under these con-
ditions was essentially 98%
A cleaned roadside bank was exami ned and sampled in the case of the Burchard-Steinauer profile, P7. 
Detailed description of each profi le is presented in the Appendix. 
7 Personal communica tion from J. C. Russe l. 
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Moisture equivalent.-The procedure of Russel and Burr (21) was followed; 
particular attention was paid to having a soil depth of 1 cm. after centrifuging 
was completed. 
Specific gravity.-Pycnometers of 50 cc. capacity were used. Specific gravity 
was expressed with respect to water at 4° C. 
Liquid limit.-Method T-89-38, mechanical method, of the American Asso-
ciation of State Highway Officials (1) was used, but modified in that the 
soil had been passed through a No. 35 rather than a No. 40 sieve. 
Lower plastic limit.-The "hammer method" of Russel and Wehr, as de-
scribed by Smith and Rhoades (25), was used. 
Oxidizable material.-The method was that of Walkley and Black as modi-
fied by Smith and Weldon (24). 
Reaction.-A Cameron pH meter was employed for soil reaction determina-
tions on suspensions of soil in carbon dioxide-free distilled water, in a ratio 
of 1 to 2.5. 
Carbonate.-For those soil samples which were used in mechanical analysis 
determinations, the loss in weight produced by treatment with a slight excess 
of approximately normal hydrochloric acid was measured . Material brought in-
to solution was removed by the use of a Pasteur-Chamberland suction filter 
tube. A volumetric method described by Peterson and Goodding (17) was 
used to obtain approximate percentages of ca rbonate, calculated as calcium 
carbonate, in the remaining samples. 
Cation exchange capacity and exchangeable bases.-An ammonium acetate 
method based chiefly on that of Schollenberger and Dreibelbis was used. It has 
been described in detail elsewhere (23, 17). 
Mechanical analysis.-The procedure was essentially that of Olmstead, Alex-
ander, and Middleton (16). Trituration and centrifuging were substituted for 
mechan ical shaking in the dispersion. Sodium oxalate was the dispersing 
agent. 
PROPERTIES OF BURCHARD SOILS 
Two types were studied, Burchard loam and Burchard clay loam . The 
former is represented by profile P3, which was from an area established in 
Lancaster county as typical fo r Carrington loam before the Burchard series 
was described. This soil would now be called Burchard loam . The two Bur-
chard clay loams, profiles Pl and P2 were from type locations in Pawnee 
county. 
Mechanical Analysis 
Mechanical analysis data for a Burchard clay loam profile (Pl) a re presented 
in Table 1. Profile Pl is fairly uniform with respect to vertical distribution 
of the sand and gravel separates. The summation of sand and fine g ravel per-
centages varies from 29.7 in the to 25.8 in the 1 horizon. The bulk of 
this material is of medium sand size or finer. The highest percentages are 
those for the fine sand separate, which constitutes about one third of the frac-
tion, total sand plus fine gravel. 
Total silt comprises from 38.7 to 31.6 per cent of the total weight of water-
free soil; most of this is coarse silt . . The vertical distribution of silt-sized 
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FIGURE 3.- Left. Steinauer clay loam profile. Visible lime occurs at 1.3 feet. Right. Bur-
chard clay loam profi le. Visible lime occurs at a depth of 2.5 feet T he blocky structure 
in the B horizon above the lime is quite noticeable. 
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TABLE 1. Mechanical analysis data for profile samples of B11rcl1ard clay loam, profile Pl. 
N g 
"o Dv 
Percentages based 011 weight of gravel-free:, carbonate-free, oven-dry soil. Coarse silt is by difference. 
9421 At 0-6 I 1.8 2.5 5.7 11.9 7.8 32.0 5.0 28.8 4.4 0.1 
9422 A3 6-12 I 2.4 2.9 5.4 10.2 7.6 30.8 4.4 33.3 2.7 0.3 
9423 81 12-17 I 2.3 2.9 5.2 9.9 7.5 27.6 4.9 38.1 1.5 0.1 
9424 B2 1 17-23 I 2.4 3.2 5.6 10.0 7.9 27.2 5.7 37.3 0.4 0.3 
9425 82 2 23-27 I 2.1 2.7 5.2 l0.3 7.9 27.5 6.3 36.7 0.2 I.I 
9426 83 1 27-35 I 1.5 2.5 4.9 9.3 7.6 25.1 6.5 29.9 0.2 12.5 
9427 83 2 35-47 I 1.7 2.5 4.6 9.3 8.0 25.5 7.9 24.3 0.1 16.1 
9428 C 47-53 1.5 1.5 2.5 5.2 9.8 7.5 30.1 8.6 20.4 0.1 14.3 
Percentages derived as above, except that carbonate was not removed; hence the carbonate is included with 
the other inorganic mcterial . 
9426 83 1 
9427 83 2 
9428 C 
27-35 
35-47 
47- 53 
2.1 
2.2 
1.9 
2.7 
2.7 
2.8 
5.2 
5.3 
5.5 
9.7 
9.7 
10.0 
7.0 31.4 
7.2 31.3 
6.6 31.2 
8.8 
8.9 
9.9 
32.9 
32.6 
32.0 
0.2 
0.1 
0.1 
• Approxi mate percentages of the whole soi l; coarse gravel was not included in the mechanica l analyses. 
particles is less uniform than is that of the coarser material. There is a gen-
eral though not uniform decrease in total silt content with depth in the solum
from 37.0 per cent in the A1 to 33.4 per cent in the B3 2 horizon; the percent-
age in the C horizon is 38.7. 
Considerable evidence for the presence of a developed textural B horizon is 
furnished by the 2-micron clay data. When the samples are pretreated with 
hydrochloric acid , the 2-micron clay percentages in the calcareous horizons 
are notably lower than the values in the upper B horizons. However, when 
carbonate is determined in combination with the other inorganic material, 
the clay percentages in the calcareous samples remain almost constant and 
not much below those for the and B2 horizon s. The size di stribution of 
10 
20 
., 
~ 
_ ao 
X 
:;: 
... 
O 40 
PER CENT OF TOTAL WEICHT 
2 30-40S0tl 7 8 9 
SAND & COARSE &, 
FINE GRAVEL flNE SILT CLAY 
BURCHARD CLAY LOAM, PI 
FIGURE 4.-Weig ht distribution of organic 
and inorganic material in a Burchard 
clay loam profile. Dashed lines represent 
sbift of percentages when carbonate is 
considered a part of other inorganic 
separates, in wh ich case the area labeled 
"carbona te" would disappear. 
the carbonate (mainly calcium carbonate) is shown in Table 2. These data 
give some indication both of the particle size of the calcium carbonate in 
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TABLE 2. Size distribution of carbonate ( mainly calcium carbonate) after the dispersion 
process is completed for samples from the lower horizons of Burchard clay loam (Pl) . 
Size dislribution of carbonate in percentage of 
Carbonate in tota l ca rbo nate 
Sample Horizon g rave l-free soil > 0.05 mm. 0.05 to < 0.002 mm. num ber % 0.002 mm. % % % 
9426 B 3 1 12.5 7 69 24 
9427 Ba 2 16.1 6 42 52 
9428 C 14 .3 2 17 81 
situ, and the resistance of the concretions to crush ing during the dispersion 
procedure. In the B3 1 horizon some of the lime is concretionary ( within 
the large spots of soft, powdery lime) whereas in the B3 2 and especially in the 
C horizon the bulk of the calcium carbonate is in seams and spots of soft 
lime with only a few concretions . 
In Figure 4 these mechanical analysis data for what can be considered 
a typical Burchard clay loam, profile Pl, are represented graphically.8 The 
areas bounded by continuous lines represent weight percentages of the two 
combined separates, sand and si lt, as well as clay, carbonate, and organic matter. 
If carbonate is not removed prior to the analysis, but rather is allowed to fall 
into one of the size groups along with the other inorganic material, the new 
representation of the percentage di stribution of separates will eliminate the 
area labeled "carbonate." There must then be a shift in the lower portions of 
the other two lines to produce an increase in the size of areas representing 
sand, silt, and clay. The dashed lines indicate this shift of the curves when 
carbonate is regarded as a part of the inorganic soil separates . 
Profile P2 , Burchard clay loam, was evidently developed from parent material 
which was a little less uniform than that of profile Pl (Table 3). Coarse gravel 
TABLE 3. Mechanical analysis data for profile samples of Burchard clay loam , profile P2 . 
u g; t: ~ ~ ~ ,~ ,~ ~ tf ;; t;;~ 0 o E 0 E ~ 0 0 E 
" 
"E E 0 "' E a E E ES i 
-¥.i C 
. E 2 E ..:: ~ ·;;;lf"I :C: N N 
-~l: 0 
.c ~ ~ E '-"- oO ·:~ g .::: ~c=: 0 E E ~-5 ~ 8 "'g E »": b1 E -e :; 8/\ ~o aO ~o ~ := :i: 0 -= ir:N ~ E 0 · - 0 uV ~ 0 c'l v, C V, uS "- - OJ: 
Percentages based on weigh! of gravel- / rt:e , oven-dry soil. Coarse silt is by dit}erence . 
9439 A11 0-3 Tr:ice 1.2 25.5 34.3 4.3 28.6 4.4 1.7 
9440 A1 2 3-8 0.5 2.2 23.5 32.4 4.2 32.6 3.6 1.5 
9441 A3 8- 13 2 3.4 20.9 32 0 3.1 36.3 3.0 1.3 
9442 B1 13- 20 2 3.4 22.2 28.0 3.5 39.7 1.6 1.6 
9443 B2 20-27 3 2.8 22.2 27.1 5.3 40.6 0.5 1.5 
9444 831 27- 33 1.5 2.4 23.0 26.3 5.7 39.0 0.4 3.2 
9445 Ba 2 33-39 1.5 1.7 23.6 22.0 5.2 33.1 0 .2 14.2 
9446 Ba a 39- 46 1.5 1.9 23.5 33.0 9.5 18.0 0. 1 14 .0 
9447 C 46--54 I 1.8 24. 1 29.6 8.1 23 .9 0.1 12.4 
,._. Approximate percentages of the whole soi l; the coarse grave! is not inclu ded in the mecha nica l ana lyses. 
varies in amount from a trace in the A1 1 to 3 per cent in the B2 horizon. The 
fine gravel and sand percentages are slightly more variable than they are 
8 In the construction of th is and similar fi gures to fo llow, the usua l straigh t line representat ion of data 
by hori zons is fi rs t drawn. The lateral position of each ve rtical segment represents a datum whereas the 
segment lengths define horizon depth. Curved lines, mathematica lly justifiable since the a rea under each 
portion of the curve is equa l to tha t under the correspondi ng vertica l segment , are then drawn. These 
curved lines, when drawn with attention both to the mathematica l problem and to the na ture of the soil 
profile, necessa ri ly are more illustrative of the true si tuat ion tha n was the firs t stra ig ht line r ep resentation. 
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In profile Pl. It would be unwise to attribute the textural characteristics of 
either Burchard profile exclusively to the influence of soil-forming factors 
other than parent material. Certainly each has a textural B horizon, but it 
may be partially an inherited rather than solely a developed feature. 
TABLE 4. Plzysical and chemical data for profile samples of three Burchard soils, P 1, P2 , 
and P3. 
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Burchard clay loam, profile Pl. 
9421 0-6 A1 29.2 20.6 7.9 0.1 6.3 28.2 10.9 28.7 1.1 8 2.77 
9422 6--12 A3 30 .0 20.7 4.8 0.3 6.4 30.0 12.3 27.8 1.36 2.63 
9423 12- 17 B1 30.6 22.3 3.1 0. 1 6.3 32.1 13.2 27. 5 1.51 2.67 
9424 17-23 B2] 29.5 23 .0 1.6 0. 3 6.6 35 .2 13. 1 27.3 1.59 2.67 
9425 23-27 B2 2 28. 4 23.9 1.1 I.] 7. 2 36.5 12.1 26.6 1.65 2.70 
9426 27-35 B3 1 2 l.1 c• 0.7 12.5 7.9 3 1.9 10.3 23.9 1.74 2.69 
9427 35--47 B3 2 18.5 C 0.3 16.1 7.9 29 .3 10.5 24.6 1.75 2.69 
9428 47-53 C 18.9 C 0.2 14.3 8. I 3 1.2 10.7 26.4 1.75 2. 68 
Burchard clay loam, profile P2 . 
9439 0-3 A11 31.0 29.8 9 .2 1. 7 6.8 27.8 12.1 28.4 1.18 2.60 
9440 3-8 A12 32.0 22.6 7 .4 1.5 6.3 29.9 12.4 27.2 1.19 2.63 
9441 8-13 A3 33.9 24.2 5.7 1.3 6 .2 30.5 13.7 29.5 1.33 2.64 
9442 13-20 B1 35 .8 25.5 4.0 1.6 6.2 32.3 14.2 29.6 1.43 2.67 
9443 20-27 B2 35 .5 28.0 2.3 1.5 7.0 39. 1 14.2 29 .7 1.61 2.72 
9444 27-33 8 31 33 .3 C 1.4 3.2 7.8 39 .5 14.2 28.7 1.70 2.74 
9445 33-39 B 3 2 26.0 C 0.6 14.2 8.3 34 .2 11.2 25.0 1.78 2.77 
9446 39--46 83 3 23.5 C 0.2 !4.0 8.4 34 .1 10.6 25.2 1.78 2. 74 
9447 46--54 C 22. 8 C 0.1 12.4 8.5 33.2 11. 7 25 .9 1.76 2. 74 
Burchard loam, profile PJ. 
9461 0--4 A1 1 21.9 14.3 7.2 Trace•• 6.4 19.5 7.8 22.3 1.25 2.60 
9462 4- 10 A1 2 20.0 14 .1 5.2 Trace 6.2 19.0 8.3 20.6 1.42 2.65 
9463 10-15 B1 20.9 15.9 3.9 <0.5 6.3 22.2 9.1 21.5 1.54 2.63 
9464 15- 21 B2 1 23.l 19. 1 3.0 <0.5 6.4 28.4 10.7 23.7 1.59 2.69 
9465 21-26 B2 2 25.5 23.2 2.6 <0.5 6.7 34.2 11.3 25.6 1.54 2.70 
9466 26--35 B3 1 20.6 C 1.6 14.0 8.2 32. 0 10.3 24 .0 1.65 2.72 
9467 35--44 8 3 2 18.1 C 0.7 15 .0 8.4 28. 4 9.3 22. 8 1.77 2.72 
9468 44-56 8 3 :1 17.3 C 0.3 14.0 8.4 25.9 9.8 22.8 1.81 2.71 
9469 56-66 C 17.4 C 0.2 13 .0 8.4 31.2 10.2 23.6 1.82 2.70 
* Calcareous sa mple. 
•• Approximate percentages for p rofi le P3 , calcu lated as ca lcium ca rbonate. 
An inspection of such data as those for hygroscopic coefficient, moisture 
equivalent, cation exchange capacity, and plasticity index (Table 4) for sample 
9446 will make it clear that this clay percentage must be in error. The value 
of 18.0 per cent clay is probably the result of incomplete initial dispersion, or 
possibly of subsequent partial flocculation during the m echanical analysis. 
Difficulty was encountered in the dispersion of a number of samples, so that 
other values may be somewhat incorrect, although less obviously so. 
Cation Exchange Capacity and Oxidizahle Material 
Variations of cation exchange capacity values with depth were used by 
Smith and Rhoades (25, 26) to characterize certain Planosol series. These 
variations reflect the combined influence of the changes in clay and organic 
matter contents. In the case of Planosols the effect of clay was shown to be 
dominant over that of organic matter. H ence, cation exchange capacity varia-
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tions with depth satisfactorily demonstrated the presence of and hori-
zons. For the Burchard profiles, also, cation exchange capacity data may 
be used to indicate the general character of the textural profile (Tables 1, 2, 
and 4, and Figure 5). It will be observed that the correspondence is fair if 
cation exchange capacity variations are compared with changes in clay per-
centages obtained for samples which were acid-treated to remove the carbonate 
(Table 5). The correlation between the two is best in the B1 , and hori-
TABLE 5. Ratios of cation exchange capacity to 2-micron clay values for profiles of Burchard 
clay loam ( Pl and P2 ) and Crete silt loam . Clay percentages are on acid-treated samples 
unless otherwise indicated. 
Burchard clay loam , Pl Burcha rd clay loam ,. P2 I Crete silt loam I Cation I Cauon I Ca tion 
Horizon exchange capacity Hori zon exchange capacit y Ho ri zon exchange capaci ty 
cla y clay clay 
A 1 1.01 A1 1 1.08 A11 0.21 
Aa 0.90 A1 !! 0.98 A1 2 0. 71 
B1 0. 80 A,: 0.93 B2 1 0.64 
B2 1 0.79 Rt 0.90 B2 2 0.74 
lJe 2 0.77 8 2 0. 87 B2 3 (0.79) 
B:J 1. 0. 70 (0.64) • B:1 1 0.85 Ba 0. 79 
Ba 2 0. 76 (0.57) B:.1 2 0.79 C 0. 83 
C 0.93 (0.59) 8 3 =~ 
C 0.95 
* Va lues in parentheses are rat ios when clay includes ca rbonate as we ll as ot her inorganic materi al smaller 
than 2 mi crons in diameter. 
°ᔡ Clay percentage obvious ly in error. 
zons, as indicated by the greater constancy of the ratios in those horizons 
than in the A or C horizons. Attention should be directed to the fact that 
in the two Burchard profiles the ratios increase markedly in the C hori-
zons. This cannot be due to decreased organic matter content in that horizon 
as compared with that of the since the effect of that relationship would 
be to decrease the ratio. The higher cation exchange capacity per unit weight 
of clay could be due either to a change in the nature of the clay minerals, or 
to a shift in the size distribution of the particles smaller than 2 microns. The 
same phenomenon has been observed, but to a lesser degree, in the case of 
several Crete, Butler, and Fillmore profiles, but was not found to occur in one 
Scott profile.9 Data for one Crete silt loam profile, samples 8911 to 8917, are 
included in Table 5 for comparison (26). 
The Burchard loam profile (P3) has a cation exchange capacity in the C 
horizon which is almost identical with that of the C horizon of profile 
Pl, and not much different from that of the C horizon of profile P2. It 
is evident from an inspection of the cation exchange capacity values for the 
solum of P3, however, that this soil has an· upper profile different in character 
from that of either Burchard clay loam. This Burchard loam may be 
younger ( in years) than either of the clay loams, but such a hypothesis 
is not supported by a comparison of the three profiles with respect to 
depths to lime, the pH values, or the contents of oxidizable material. It 
seems more probable that the parent material was not initially uniform. This 
possibility is further supported by the fact that the coarse- gravel percentages 
are more variable in the Burchard loam than in profiles Pl and P2. The coarse
Unpubli shed data. 
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g ravel percentages for samples 9461 to 9469 are as follows: trace, 0.5, 4.5, 3, 
1, 1.5, 1.5, 2, and 1.5. 
In all three of these Burchard types the content of oxidizable material 
in A1 horizons is high (Table 4, Figure 6). The amount decreases rapidly 
through the A horizons, slightly less rapidly through the B1 and B2 horizons. 
In the B3 horizons the rate of decrease is slow, particularly for profile Pl. 
Values of 0.1 or 0.2 milliequivalent per gram of soil were obtained in the C 
horizons. 
Exchangeable Cations, Calcium Carbonate, and pH. 
All of the exchangeable calcium values in Tables 4 and 6 were influenced 
to some degree by the presence of free calcium carbonate . Detailed data for 
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exchangeable cations for one profile (P2) are presented in Table 6. Calcium 
and magnesium dominate the exchange complex throughout the profile, with 
sodium and potassium contributing only slightly to the exchangeable ions. 
Exchangeable hydrogen, as determined by subtracting the sum of exchangeable 
calcium, magnesium, sod ium, and potassium from the exchange capacity, varies 
from 4.4 to 5.3 milliequivalents per 100 grams in the 3 to 20 inch section, 
and then decreases to 2.9 milliequivalents in the B2 horizon (20 to 27 inches). 
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All other horizons are distinctly calcareous, so that "exchangeable" calcium 
alone exceeds the cation exchange capacity value. 
In profile P2 the pH value of 6.8 in the 0 to 3 inch horizon coincides 
with an apparent saturation by calcium of 96 per cent, and a calcium carbonate 
content of 1.7 per cent. In the other A subhorizons of the three Burchard pro-
files the pH values of 6.2 to 6.4 indicate slight acidity, as do the calcium satura-
TABLE 6. Cation exchange capacity, pH, and exchangeable calcium, magnesium sodium, 
and poiassittm dala for Burchard clay loam , profile P2. 
I Cation Excha ngeable ca tions Sample Depth exchange 
Ca Mg Na K pH number inches Hori zon capaci ty 
M.E./ I00g. M.E ./ I00g . 
9439 0-3 At 1 31.0 c• C 0.2 0.6 6.8 
9440 3-8 At 2 32.0 22 .6 4.1 0.2 0.4 6.3 
9441 8-13 A.3 33.9 24.2 4 .7 G.2 0.4 6. 2 
9442 13-20 81 35 .8 25.5 4.6 U.2 0.2 6 .2 
9443 20-27 B2 35.5 28.0 4. 1 0.3 0.2 7.0 
9444 27-33 B:i l 33.3 C C U.2 0.3 7.8 
9445 33-39 B3 2 26.U C C 0.2 0 .2 8.3 
· 9446 39-46 Ba a 23.5 C C <0. I <0.l 8.4 
944 7 46--54 C 22.8 C C 0.2 <0.I 8.5 
""Calcareous sa mp le . 
tion percentages of 65 to 71. The pH values in the B1 horizons are no higher, 
but the calcium saturation percentages increase to values ranging from 71 to 76. 
In the B2 horizons pH measurements are near the neutral point; the calcium 
saturation percentages range from 78 to 84 if the high value of 91 for sample 
9469 is excepted. 
Plasticity Index 
Russel (20) has reported profile data from which he concluded that the cor-
relation of plasticity numbers 10 with 5-micron clay content is practically 
linear. Baver (3) later studied these and other data and reported that "an 
excellent linear relationship is observed between plasticity number and the 
content of 5-micron particles." H e further stated that plasticity is not ex-
hibited by soils that contain less than 20 per cent of 5-micron particles. 
Among the 49 samples reported by Russel , 5-micron clay percentages vary 
from 24.9 to 54.4; hence one might expect the linear relationships between 
plasticity number and content of 5-micron particles to exist for this group 
of soils. Such is hardly the case, however. The lack of a linear relationship 
is demonstrated by the variation among the ratios of plasticity number to per-
centage clay for the several samples. Among the 14 samples from A horizons 
this ratio averages 0.16, and varies from 0 to 0.39. The average ratio among 
the 16 samples from upper B horizons is 0.43; the range is from 0.32 to 0.53. 
For the 19 remaining samples the average is 0.34, with a range from 0.21 to 
0.44. Within any one profile there is a definite trend of these .ratios from low 
values in the A horizons through high ones in the textural B, back to inter-
mediate values in the lower B and C horizons. 
Plasticity number as defined by Ru ssel was the difference between upper and lower pl as tic limi ts, both 
determined by the Atterberg methods as desc ri bed in detail by Russe l and Wehr (22). 
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Smith and Rhoades (26) have used 
plasticity indices 11 as a measure of 
2-micron clay in the A and upper B 
horizons of certain Planosol series. 
They stated that "Plasticity index .. . is 
affected primarily by clay content ... ," 
but did not elaborate on the relation-
ship. Further examination of their data 
reveals considerable va riation in the re-
lationship between these two properties. 
If ratios of plasticity index to 2-micron 
clay percentage are calculated, these 
ratios for the A 1 horizons vary from 
0.58 to 0.80, with an average of 0.67. 
In the definite A2 hori zons the ratios 
are both 0.55; in th e incipient hori-
zons they are 0.65 and 0.71. A range 
from 0.73 to 0.90, with an average of 
0.82, occurs in the B2 horizons . Thus 
it follows that when plasticity indices 
are substituted for 2-micron clay per-
centages in the characterization of the 
textural profile of these Planosols, both 
the relatively low content of clay in the 
A 2 and the relati vely high clay content of the B2 horizon are emphasized. Ex-
a mination of the ratios 1 2 fo r the remaining hori zo ns of these profiles shows
that the ratios tend to decrease again in the lower B3 and C horizons, a nd 
approach the value for the A1 hori zons. 
An entirely different relationship exists for the profiles of the two Burchard 
clay loams, Pl and P2 . In the upper A hori zons the ratio of plasticity index 
to 2-micron clay approaches 1.0; the ratio then decreases to a minimum in 
the B1 hori zons of 0.81. A steady increase w ith depth in the value of the 
ratio takes it beyond 1.0 in the transition from B2 to Bs horizons, and to 
maxima in the C hori zons of 1.53 and 1.39. If similar ratios are calculated 
using 2-micron clay values obtained when carbonate was not removed prior 
to analysis, the ratios in the B3 and C horizons approach but do not reach 
1.0. The data at hand do not warrant further discussion of the reasons for 
these relationships. 
Volume Relationships at Several Moisture Values 
Curves showing the volume relationships of soil, water, and air in the three 
Burchard profiles, when they are at hygroscopic coefficient wetness, are pre-
sented in Figure 8. In all three profiles the volume occupied by soil reaches 
a maximum in the B3 and C horizons. The volume occupied by water is at 
This p lasticity index is the one widely used among hi g hway engineers. !t is the nurrerica l d ifference 
between liquid limi t a nd lower p lastic limit percentages. Neither of these limits d upli cates the correspond· 
ing va lue reported by Russel. The relation between this index and Russel's plasticity number has been 
established rough ly by Smith and Rhoades (25, p. 19). 
Unpubli shed data. 
18 RESEARCH BULLETIN 139 
a maximum in the 12 to 27 inch section of profile Pl, and in the 20 to 33 
inch section of profile P2. The Burchard loam differs in that the volume of 
water is greatest in the horizon below 44 inches. Air volume percentages are 
small within the lower horizons of all three soils. Throughout the lower third 
of these profiles, when they are at hygroscopic coefficient wetness, the air vol-
ume is less than that found in the claypan horizons of several Planosols de-
veloped from Peorian loess, such as Crete, Butler and Scott (25). 
None of these profiles was sampled when it approached field carrying capac-
ity, but one (P2) was moderately moist. Some idea of the small air volume 
which would be present in these soils at field carrying capacity can be obtained 
from the fact that in this Burchard clay loam, between 20 and 39 inches, 
the air volume at the time of sampling was 13 per cent. Between 39 and 46 
inches it was 10 per cent, with a minimum percentage of only 6 in the C 
horizon. 
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FIGURE 8.- Volurne relationships of soil , water, and air in Burchard profiles at hygroscopic 
coefficient wetness
The volume relationships at moisture equivalent wetness (Figure 9) over-
emphasize the low air content in the B and C horizons. Although none of 
the samples had a water-logged appearance following the centrifuging period, 
nevertheless the moisture equivalent percentages are well above possible field 
carrying capacity values. The c.alculated percentage of total volume of soil 
plus water at moisture equivalent wetness is above 100 in all B3 and C hori-
zons, reaching maxima of 112, 111, and 110 in profiles Pl, P2, and P3, respec-
tively. 
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Volume Weight and Specific Gravity 
Volume weight and specific gravity measurements are of value chiefly in 
the calculation of volume relationships in the profiles. The soil-water-air pro-
portions are presented in Figures 8 and 9. It is also of interest to note that, 
with a few minor exceptions, the volume weights continue to increase with 
depth; they attain maximum values between 1.75 and 1.82 in the Burchard 
profiles. Volume weight changes with depth give no indication of the degree 
of development of a textural B horizon in these soils. These high volume 
weights are no doubt responsible, to a considerable degree, for the fact that 
these C horizons appear to be fine-textured clays in the field . 
PROPERTIES OF STEINAUER SOILS 
T hree Steinauer profiles were studied. The two Steinauer loams (PS and 
P6) weresampled from different walls of a single pit dug on a 13 per cent 
slope. The Steinauer clay loam (P4) was sampled on the side of a low ridge 
where the slope was changing from 2 to 7 per cent. Both areas had an ex-
cellent cover of native grass. They had been established as typical for the 
Steinauer series in Pawnee county. Although the Steinauer clay · loam had 
the morphology for that series, a 2 to 7 per cent slope is not characteristic 
of Steinauer topography. 
Mechanical Analysis 
Mechanical analyses for specific Steinauer profiles do not furnish data from 
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which generalizations can be made concerning the textural nature of soils 
of that series. These soils are azonal in character, being classed as L ithosols, 
so that parent material is dominant among the soil-forming factors. The hete ro-
geneous nature of glacial drift results in some marked changes in texture 
with depth in some Steinauer profiles, changes which a re often extreme and 
irregular since they have been tempered but little by the other soil-forming 
factors. 
Mechan ical analysis data for a Steinauer loam ( P6) and a Steinauer clay loam 
( P4) are presented in T ables 7 and 8. For both profiles, analyses were made of 
samples which had been pretreated with hydrochloric acid. In addition, analyses 
were made on untreated samples of the Steinauer loam, in which instance 
ca rbonate was calculated as a part of the other inorganic separates (T able 7). 
T ABLE 7. Mechanical analysis data for profile samples of Steinauer loam , profile P6. 
3 
Percentages based on weight of gravel-free, carbonale-Jree, Ol'Cn-dry soil. Coarse silt is by difference. 
9409 A1 0-5 4 1.9 3.1 8. 1 16.0 9.7 24.8 4.5 22.1 4.2 5.6 
9410 Aa & B1 5- 10 4 2.5 3.2 7.4 14.2 8.1 24.6 4.7 24.2 1.2 9.9 
9411 B 3 1 10-15 2 2.2 3.4 6.3 10.4 7.5 25.0 4.9 27.9 0.4 12.0 
9412 83, 15-24 2.5 2.9 3.4 5.9 9.3 6.9 26.3 5.9 27. l 0.2 12.1 
94 13 C 24-41 1.5 2.0 3.0 4.7 9.1 6.4 24.9 7.3 28.2 0.2 14.2 
Percentages based as above except tha1 carbotJate was not rem oved; hence the carbonate is included with the 
other inorganic material. 
9409 A1 0-5 2.3 3.4 8.2 16.8 9.9 27.4 4.6 23.2 4.2 
9410 A3 & B1 5- 10 3.2 3.8 8.0 15.2 9.1 28.4 6.0 25.1 1.2 
9411 B 3 1 10-15 3.2 3.7 6.9 11.4 7.8 30. 1 7.0 29.5 0.4 
9412 B 3 2 15- 24 3.8 3.7 6.1 9.9 7.8 31.1 7.4 30.0 0.2 
9413 C 24-41 2. i 3.2 5.6 ry.4 7.9 31.3 8.6 31.1 0.2 
* Approx imate percentages of the w hole soil ; the coarse gravel is not included in the mechanica l analyses. 
TABLE 8. Mechanical analysis data for profile samples of Steinauer clay loam , profile P4. 
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Percentages based on (lleight of gravt'/-Jree, oven-dry soil. Coarse silt ;, by diffae nce. 
9486 A1 0- 7 3 2.9 23.7 28.4 5.0 35.2 3.2 1.6 
9487 A3 & B1 7- 15 2.5 3.7 22.8 26. I 7.0 37.5 0.8 2. l 
9488 B3 1 15- 22 2.5 1.6 22.4 18.3 6.8 28.6 0.5 21.8 
9489 Ba 2 22- 32 2 2.4 21.5 23. 1 6. 1 25.0 0.3 21.6 
9490 C 32- 44 I 1.6 23.4 25.4 5.6 29.6 0.2 14.2 
* Approximate percentages of the whole soil; the coarse gravel is not included in the mechanica l ana lyses. 
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Fine gravel and sand separates make up an important part of the A and 
upper B horizons of the Steinauer loam, averaging 37.1 per cent of the whole 
soil. The amount then drops to 28.9 per cent in the lower B, and 25.2 per cent 
in the C horizon. Percentages of fine gravel and coarse sand are relatively uni-
form throughout the profile, but the amounts of the remaining sand separates 
decrease markedly with depth. Coarse silt is relatively constant in amount 
throughout the profile, whereas, with one minor exception, percentages of 
fine silt and clay increase with depth . Evidently there is no textural B hori-
zon. 
When the mechanical analysis is of samples which were not pretreated with 
hydrochloric acid, the presence of carbonate ( mainly calcium carbonate) 
increases the percentages of all separates in all horizons, as is shown by the 
data in the lower part of Table 7. The size distribution of this carbonate, 
after dispersion had been effected, is shown by the data in Table 9. The bulk 
T ABLE 9. Siz e distribution of the carbonate ( mainly calcium carbonate ) after the dis-
persion process is completed, fo r sam ples fro m Steinauer loam ( P6 ) . 
Carbonate in Si ze distri bmio n of ca rbo nate in percentage of to tal ca rbonate 
Sample gravel -free 
nu mber Hori zon soil > 0.05 mm. 0.05 to 0. 002 mm . < 0.002 mm. 
% % % % 
9409 A1 5.6 32 48 20 
94 10 A3 & B1 9.9 39 52 9 
94 11 B:{ 1 12.0 27 60 13 
94 12 B, 2 12.1 24 52 24 
94 13 C 14.2 26 54 20 
of the carbonate fa lls in the silt range; the minimum percentage of the total 
carbonate in that size group is 48 in the the maximum is 60 in the Bx 1 
horizon . Carbonate of sand and fine gravel size is at a maximum in the 
and B1 horizons, coinciding with a minimum there of clay-sized carbonate. 
The size distribution of the carbonate had a marked relationship to depth in the 
profile of the Burchard clay loam (Table 3). Such definite relationship is 
not exhibited in the case of this Steinauer loam. 
The Steinauer clay loam profile (P4) is much more uniform than profile 
P6 with respect to the vertical distribution of sand and fine gravel. The per-
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centages throughout the profile depart from 25 only slightly. Quite random 
vanat1ons occur among the silt and clay percentages. For this profile, the 
striking feature is the fineness of texture of the upper 15 inches, as com-
pared with that of the horizons below 15 inches. This phenomenon was not 
the result of a localized disturbance at the place of sampling. Examination of 
the profile at several other points adjacent to the pit showed this fine-textured 
surface horizon to be continuous over the ridge. 
Mechanical analysis data for one of the Steinauer loams (P6) are shown 
graphically in Figure 10. The construction of these curves, as well as the in-
terpretation, is the same as for Figure 4. 
Cation Exchange Capacity and Oxidizable Material 
As was pointed out in connection with Burchard soils, cation exchange 
capacity variations with depth can be used to illustrate the combined effect 
of contents of oxidizable material and clay. Below the A1 horizons, in case of 
Steinauer soils (Table 10), the clay content is the dominant factor. The ratios 
TABLE 10. Ratios of cation exchange capacity to 2-micron clay values for profiles of Stein-
auer clay loam (P4 ) and Steinauer loam (P6 ) . Clay percentages are on acid-treated sam ples 
unless otherwise indicated. 
Steinauer clay loam , P4 
H orizon 
A1 
A3 & Bi 
B31 
Ba 2 
C 
Cation 
exch a n ge i.:-apacity 
clay 
0.93 
0.87 
0.81 
0.70 
0.71 
Hori zon 
A1 
A, & B1 
B;i 1 
Ba 2 
C 
Stcin;rner !oam. P6 
Ca tion 
exchange capaci ty 
clay 
0.90 (0.86) • 
0.69 (0.66) 
0.56 (0.53) 
0.59 (0.53) 
0.55 (0.50) 
• Values in parentheses are ra tios when clay includes carbonate as well as other inorganic mater ial smaller
tha n 2 microns in diameter. 
of cation exchange capacity to clay are reasonably constant for all horizons save 
the A1. These ratios do not increase in the C horizons of the Steinauer pro-
files, as they did in the Burchard C horizons ( Table 5) . In the field the C 
horizons of soils of these two series appear to be of similar material. The ex-
planation of this difference in cation exchange capacity per unit of clay in the 
C horizons of Burchard and Steinauer soils is not now apparent. 
The cation exchange capacity data (Table 11, Figure 5) illustrate the some-
what random variations among horizons of the Steinauer soils. Profiles of 
this character are to be expected for soils of the azonal order, as was mentioned 
in the discussion of the mechanical analysis data. 
Oxidizable material is present in considerable quantity in the surface 
horizons of all Steinauer profiles (Table 11, Figure 6). The decrease in 
amount with depth proceeds rapidly through the first 10 to 15 inches, and 
then soon approaches a near minimum, particularly in the case of the two 
Steinauer loams. The Steinauer clay loam has a more gradually decreasing 
content of oxidizable material, an approximate minimum being approached 
between 30 and 35 inches. 
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TABLE 11. Pl2ysical and cl2emical data for profile samples of three Steinauer soils, profiles 
P4, P5, and P6. 
0 ~ C 
_ u ;! t ·i 0.-"' E E '§ 
~ 0 "u 
v, C :i: Q .5 
9486 A1 0-7 
9487 Aa & 81 7-15 
9488 B31 15- 22 
9489 Ba 2 22-32 
9490 C 32- 44 
9403 A1 0-4 
9404 A3 & B1 4-9 
9405 Ba 1 9-15 
9406 83 2 15- 20 
9407 c, 20-27 
9408 C2 27- 41 
9409 A1 0-5 
9410 A3 & 81 5- 10 
941 1 Ba 1 10-15 
9412 8 3 2 15- 24 
9413 C 24-41 
• Approximate percentages 
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Steinauer clay loam, profile P4. 
32. 8 5.9 1.6 6.9 30.3 
32 .7 2.7 2.1 7.1 39 .7 
23.2 1.4 21.8 8.0 33.3 
17.5 0.7 21.6 8. 2 26.i 
20.9 0.3 14.2 8.3 33 .6 
Steinauer loam , profile PS. 
18.8 6.5 6• 7.1 23.8 
15.9 3.3 9 7.6 22.4 
15 .5 1.4 II 7.9 24.1 
13. 1 0.8 12 8. 1 22.1 
9.5 0 .3 9 8.2 14. 1 
13 .7 0.3 II 8. 2 23.7 
Steinauer loam, profile P6. 
19.9 7.1 5.6 7.0 24.0 
16 .6 3 .4 9.9 7.5 22.9 
15.6 1.6 12.0 7.8 25.2 
15 .9 0.5 12. 1 8.2 26.0 
15.4 0.3 14.2 8.3 26.9 
for profile P5. 
.~ tf 
5"i 
~ " o ·u 
e°oij: 
>- u 
:i: 8 
13.4 
13.5 
10.7 
8.6 
10.5 
8.3 
8.8 
8.3 
8.0 
6 .1 
IO. I 
8.6 
8.7 
8.9 
9.0 
10.0 
~] 
0 ~ 
~ .:: 
·o :a 
~ 2" 
28.2 
28.2 
24.1 
22.6 
25.2 
22.5 
20.5 
21.3 
20.8 
18.3 
25.0 
22.9 
21.2 
21.i 
22. 0 
255 
1.26 
1.50 
1.62 
1. 69 
l.i5 
2.65 
2.70 
2.76 
~.73 
2.71 
2.64 
2.67 
2.70 
2.72 
2.71 
2. 72 
1.44 2.65 
1.54 2.65 
1.61 2.72 
1.69 2.72 
1.76 2.73 
Exchangeable Cations, Calcium Carbonate, and pH {..,.-
The Steinauer profiles studied here were calcareous in all horizons -(Table 
11); consequently, exchangeable calcium and magnesium were not determined. 
For the samples of one Steinauer loam (PS) exchangeable sodium and potas-
sium values 13 were found to be almost identical with those for equivalent 
horizons in the Burchard clay loam profile (Table 6). 
Except for the low percentage of carbonate in the surface horizons, varia-
tions with depth are random. The percentage obtained for a particular sample 
has little significance, since in the field the distribution of seams, spots, and 
concretions of lime is heterogenous. Two samples, those from the B3 1 and 
B3 2 horizons of the Steinauer clay loam, are exceedingly calcareous. For only 
one Steinauer sample (9486) was a pH value below 7.0 obtained. In all pro-
files the values increase with depth to maxima of 8.2 or 8.3 in the C hori-
zons. 
Plasticity Index 
Probably the chief point of interest with respect to plasticity index is the 
nature of the ratios of plasticity index to 2-micron clay. There is no general 
trend for these ratios as related to depth in the profile, as was reported for 
Burchard profiles. For the Steinauer clay loam the ratios range from 0.86 
in the A 1 to 1.16 in the 1 horizon. Those for the Steinauer loam (P6) 
vary between a maximum of 1.09 in the A1 to a minimum of 0.90 in the B3 1 
horizon. The extremely high values reported for the C horizons of Burchard 
soils (1.53 and 1.39) are not duplicated by these Steinauer C horizons, which 
have ratios of 1.14 and 0.95. 
13 U npublished data
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Volume Relationships at Several Moisture Values 
The proportions of soil, air, and water in two Steinauer profiles when they 
are at hygroscopic coefficient wetness are represented in Figure 11. These 
SOtL 10 SOIL 
20 
30 
40 
STEINAUE,,iLAY LOAMJ STEINAUE;F LOAM, 
F1GURE I !.-Volume relationships of soil, 
water, and air in Steinauer profiles at 
hygroscopic coefficient wetness. 
PER CENT OF TOTAL VOLUME 
20 40 60 80 20 40 60 80 
-,,1) p,;;JH 
SOIL 
STEINAUER CLAY LOAM, 
P4 
20 
30 
40 
SOIL 
F 1GU R E 12.-Volume relationships of soil, 
water, and air in Steinauer profiles at 
moisture equivalent wetness. 
curves are not greatly different from those for the upper 40 inches of the 
Burchard profiles (Figure 9) . About the same degree of irregularity occurs 
in the profiles of both series. 
At the moisture equivalent wetness the Steinauer profiles have a trace 
of air beyond 20 inches (Figure 12 ), a fact which distinguishes them from the 
two Burchard clay loams (Pl and P2). This results from the fact that there 
is a textural B horizon in the Burchard clay loams but not in the other profiles. 
Volume Weight and Specific Gravity 
Except for a rather marked difference in volume weight at the surface of 
the two Steinauer profiles, they have similar changes in apparent density with 
depth. Maxima of 1.75 and 1.76 are reached in the C horizons. T hese are 
not greatly different from the volume weights of the lower B and C horizons 
of the three Burchard profiles. 
PROPERTIES OF ATYPICAL SOILS 
All of the atypical profiles are rather closely related to the Burchard series. On 
the basis of morphological characteristics observed in the field, one was a "Bur-
chard-Steinauer," one a "Burchard-Pawnee," and one a "Burchard-Carring-
ton." 
"Burchard-Steinauer" Loam (P7) 
Morphologically, this profile was not a representative Burchard soil be-
cause lime was present in the 19 to 27 inch horizon. There was also some-
what less development of the blocky structure in the B horizons than is usual 
for that series. Data for this profile are shown in Table 12. Those for 
oxidizable material are also shown graphically in Figure 13, and those for 
plasticity index in F igure 14. 
The character of the change in oxidizable material with depth is decidedly 
similar to that presented for the Steinauer profiles (Figure 6), if one considers 
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TABLE 12. Physical and chemical data for profile samples of three atypical soils, profiles 
P7 , P8 and P9. 
" 
...!. 0 
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"' "' 
· · Burchard-5teina11cr' 1 /cam, profile P7. 
9543 0-3 A1 l 25.3 23.6 l0.0 7. ! 22.8 10.4 24.9 2.63 Trace 
9544 3-6 A1 
-
22. 1 17.0 4.6 6.6 22.2 10.0 22.5 2.66 Trace 
9545 6-11 B11 24.6 18.4 3.4 6.5 31.1 11.2 25.6 2.69 Trace 
9546 I 1- 19 B1 2 vr B2 24.2 19.2 1.9 6.5 34.2 12.0 25.9 2.73 Trace 
9547 19-27 Bes 22.5 c• I.I ;_7 36.8 11.4 25.2 2.73 I 
9548 27-35 C C 0.4 8.2 32.8 10.9 23.7 2.77 14 
' · IJur:.:ltard-Pawnee" loam, profile PB. 
9549 0-4 A11 9.6 7.2 23.9 9.3 26.0 1.1 8 2.65 < 0.5 
9550 4- 11 A1 :.! 4.4 6.4 22.9 9.8 23.3 1.29 2.67 Trace 
955 1 11 - 14 81 3 .3 6.0 29.2 11.6 26.1 1. 46 2.68 Trace 
9552 14-2 1 B 2 1 2.1 6.5 40 .0 14.4 29.3 1. 57 2.72 Trace 
9553 21-30 82 " I.I 7.1 38.4 12.6 27.8 1.70 2.76 Trace 
9554 30-39 Ba 0.5 7.9 37.9 11.2 26.2 1. 74 2.74 <0.5 
9555 39-48 c, 0.2 8. 1 38.5 13.3 28 .9 1. 74 2.75 2 
9556 48-55 C2 0 .1 8.2 34.3 12.0 25.5 1.81 2.74 8 
'• Burch:ud-Carrington" /Nini, profile P9. 
9470 0-5 A11 19 .0 13.3 b.8 6.7 19.9 8.1 20.7 1.28 2.62 Trace 
9471 5- 13 A1 2 17.8 il. l 4.6 6.2 20.3 8.0 20.6 1.37 2.63 <0.5 
9472 13-21 A3 19.3 13.5 3. 5 6.1 24.3 9.4 21.5 1.5 1 2.67 <0.5 
9473 21-29 B1 21.8 16.3 2.5 6.3 28.3 l0.4 24.8 1. 56 2.68 <0.5 
9474 29-39 Ba 1 19.7 16.3 1.4 G.3 29.5 9.9 22.9 1.76 2.71 < 0.5 
9475 39-46 83 2 19.4 17.4 0.9 6.5 31. 6 10. 2 22.6 1. 74 2.70 < 0.5 
9476 46-58 B:13 15.5 C 0.5 8. 1 30.8 9.2 20.6 1. 80 2.73 12 
9477 58 -66 C 15.5 C 0.3 8.3 j 0,5 IO.I 22.G 1.89 2.7 1 II 
·• Calcareous sample. 
•• Approximate percentages, ca lculated as ca lc ium carbonate
the curves below the 5 inch depth. The unusually high content of oxidizable 
material in the A1 1 horizon is a local feature, presumably resulting from the 
presence of considerable vegetative covering. The only other data which lend 
much support to the Steinauer classification are those for carbonate. They 
support the field observation concerning depth to lime. 
A Burchard profile is suggested by the presence of a textural B horizon. 
This B hori zon is indicated by data for hygroscopic coefficient, moisture 
equivalent, and plasticity index. The variations of these percentages with 
depth are not ideally regular, a fact which suggests a nonuniform parent 
material. 
"Burchard-Pawnee" Loam (PS) 
This profile had a claypan or claypan-l ike horizon between 14 and 30 
inches. This horizon was extremely fine-textured, was difficult to penetrate 
with a knife, had a massive structure, and was quite sharply separated from 
the B1 horizon above it. The claypan of a typical Pawnee is commonly thicker 
and finer in texture than is the horizon of this profile. Limy drift was 
encountered at 39 inches in this Burchard-Pawnee, whereas in several Pawnee 
type locations which have been sampled the depth to limy d rift has ranged 
from 46 to 67 inches. 
The field designation for this profile is well-supported by the data in Table 
12 and Figures 13 and 14. The presence of a claypan-like horizon is recog-
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nizable by the sudden increase, between the B1 and B2 1 horizons, in the 
percentages for plasticity index, hygroscopic coefficient, and moisture equiv-
alent. 
"Burchard-Carrington" Loam (P9) 
The presence of a gravelly and rocky layer at about four fee t, plus the depth 
to lime ( 46 inches) distinguishes this soil from that which is usual for the 
Burchard series. The morphology and some of the data strongly suggest that 
the gravelly layer represents an old eroded surface, and that the parent material 
above that layer was not the same as the calcareous drift which was sampled 
and designated the C horizon. The pH data in particular support this 
statement, in that values below 6.7 were obtained above the gravelly layer, 
as compared with 8.1 and 8.3 in the 8 3 3 and C horizons. Such a sudden 
change is not usual in a Burchard profile. 
DISCUSSION 
Typical members of soils of the Burchard and Steinauer series are notably 
easy to recognize in those areas of southeastern Nebraska where they are 
being mapped. In that region they are the only two series recognized at 
present which always have C horizons of calcareous glacial drift. This cal-
careous drift has little resemblance to any other geological material in the 
. region, and can be readily identified. • 
Separation Between Typical Burchard and Steinauer Soils 
These two members of the catena differ markedly from each other in profile 
characteristics, if one compares typical soils of each series (Table 13). The 
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T ABL E 13. Some im portant differences between Burchard and Steinauer soils illustrated by 
data from Burchard clay loam (Pl ) and Steinauer loam ( P6 ) . 
Burcha rd cby loa m (Pl ) Steinauer loam (P6) 
u t E u i C - ]1~ C E :;; _ 
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-~-E~ g -s r; • = !~ • 0 »"' " u . -" ""' " u . .c o.-" ·- --w ·;;; ~ ri.i 0 u u :-:0 X I":: • 8~ :r: 0 DVtf a~ :r: :r: o.:: u V~ OE ~ 0. :r: o.:: O 5 :,: 0. 
A1 0-6 28 .8 7.9 0.1 6.3 A 1 0- 5 22.1 7.1 5.6 7.0 
A3 6-12 33.3 4.8 0.3 6.4 A3 & B1 5- 10 24.2 3.4 9.9 7.5 
B1 12- 17 38.1 3. 1 0.1 6.3 831 10-15 27.9 1.6 12.0 7. 8 
B2 1 17-23 37 .3 1.6 0.3 6. 6 Ba 2 15- 24 27.1 0.5 12.1 8.2 
B2 2 23-27 36.7 1.1 1.1 7.2 C 24-4 1 28.2 0.3 14 .2 8.3 
Ba 1 27-35 29.9 0.7 12.5 7.9 
Ba 2 35-47 24. 3 0.3 16. 1 7.9 
C 47-53 20.4 0. 2 14.3 8.1 
• Ca rbonate-fr ee clay; pe rcentage based on g ravel -free , oven-dry soil. 
chief clue to their identification is depth to lime. It is generally true that the 
Steinauer profile will effervesce slightly within the surface horizon when 
hydrochloric acid is applied, and that visible lime will be found within 10 
to 15 inches of the surface. On the other hand, Burchard soils are unlikely 
to effervesce in the A and upper B horizons, and visible lime will ordinarily be 
at twice the depth at which it is observed in the case of Steinauer soils . 
Naturally depth to lime is not the only morphological characteristic which 
can be shown to differ for these two series. Likewise, the character of the 
curves showing carbonate contents at different depths is not the only means 
of distinguishing between them in the course of a laboratory study of profile 
samples. If, however, the depth to lime is shown to be a suitable indicator of 
the nature of the other profile attributes which are of importance in series 
identification both in the field and in the laboratory, then the surveyor's work 
will be greatly faci litated. 
In their description of the Burchard series Hayes and Beesley state that 
those soils differ from Steinauer soils in having a thicker and better-developed 
profile and lower-lying lime. This "thicker and better-developed" profile, while 
not free from the need of interpretation, is nevertheless indicative of the 
fact that the surveyor recognizes differences, other than depth to lime, be-
tween soils of the two series. Usually a "better-developed" profile can be ex-
pected to have more of a textural B horizon than has the soil being used as a 
standard of comparison. Of the three Burchard soils investigated, the two 
clay loams had definite textural B horizons. For one of these (P2) there was 
some evidence that this horizon was not solely a developed feature. The 
Burchard loam (P3) had somewhat of a textural B horizon, as indicated 
by analyses whose values are related to clay content. Lack of initial uni-
formity of the parent material was believed to be responsible for the observed 
vagaries of this profile. No one of the Steinauer profiles had a textural B 
horizon; such vertical changes in texture as were observed were attributed 
to variations of the parent material, as yet but little modified by active soil-
forming factors. 
Organic matter-depth curves for the Burchard and Steinauer profiles (Fig-
ure 6) illustrate a second important difference between the soils of these two 
series. In the surface horizons oxidizable material tends to be less for Stein-
auer than fo r Burchard soils. The series separation is not clear cut in that 
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respect, however, for while the lower amounts of oxidizable material appear 
to be associated with Steinauer soils, and higher ones with Burchard soils, 
intermediate values for oxidizable material are found in either Burchard or 
Steinauer surface horizons. The chief difference between the two series, with 
respect to oxidizable material, is expressed in the character of the curves 
between depths of 5 and 35 inches. Between those two depths in the Bur-
chard profiles the amount of oxidizable material decreases gradually and with 
fair uniformity of rate. In the Steinauer profiles, however, the amount de-
creases quite rapidly in the surface ( to about 10 inches) and then decreases 
very slowly to minimum values in the lower B and C horizons. 
The data for pH and carbonate determinations illustrate the third im-
portant difference between Burchard and Steinauer soils. In only one of the 
three Burchard profiles was there visible effervescence in a horizon above 
the 26 inch depth, and in that one horizon recent dust accumulation was prob-
ably responsible for the presence of dispersed carbonate. In these Burchard 
profiles pH values indicate slight acidity to a depth of 20 or more inches. In 
contrast, the Steinauer profiles had pH values of 6.9 or above; there was some 
lime throughout each profile, with a marked concentration of carbonate 
beginning at roughly 12 inches. 
Slope, an associated characteristic, is often mentioned as being different for 
the soils of these two series. Probably this is true, in a general way, but pre-
diction of the series from slope alone would be hazardous. A study of the 
landscape descriptions for the soils sampled in the course of this project will 
show the truth of this statement. While slope is not a completely satisfactory 
index of topography, it is widely used to give some indication of topographic 
conditions. Approximate slope percentages where the Burchard pits were 
dug were 3, 9, and 12. Those for the Steinauer soils were 3 and 13. The 
descriptions of these landscapes indicate that the slope percentages were not 
constant fa r beyond the sampling locations, and that the length of the slope 
and its nature other than the grade were no doubt important in soil formation. 
Separation of Burchard and Steinauer From Other Soils 
Data presented in this bulletin on atypical soils point out some of the more 
likely variants of uneroded Burchard and Steinauer soils. Of the three men-
tioned, it is probable that Burchard-Steinauer is most frequently encountered . 
In such instances the nature of the adjacent soils, plus the slope in the question-
able area, would be used by the surveyor to aid him in deciding upon a 
series name. Of perhaps greater concern, from the point of view of proper 
classification in the field, is the disposition of true Burchard-Steinauer catenary 
complexes. Such complexes appear to be of rather frequent occurrence and 
are being mapped at the present time. 
Soils similar to the one which was designated Burchard-Carrington (P9) 
would often be encountered on slopes, but would probably be in a very narrow 
band, and hence the disposition would not be a serious problem for the sur-
veyor. Of less general occurrence would be the location of this soil on ridges, 
where the noncalcareous section of the profile is too thin for typical Carring-
ton, yet too thick for typical Burchard . This situation does not constitute a 
difficult problem only because of its infrequent occurrence. 
Observations in the field have led the authors to conclude that Bur-
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chard-Pawnee soils are unlikely to be encountered in extensive areas. The 
surveyor's problem would ordinarily be that of separating two rather dis-
tinct soils; the drawing in of the soil boundary would not be more than usually 
difficult. 
Mapping of Eroded Areas 
Instructions concerning the mapping of soils in the Conservation Surveys 
Division of the Soil Conservation Service (15) are as follows: 
When soils are mapped, they should be classified as they exist 
in the field; that is, if removal of the topsoil has exposed material 
of an entirely different character, or if the texture of the sur-
f ace soil has been altered by the deposition of material, a new 
soil type should be established. If the profile still retains its dom-
inant characteristics, the type name is changed but not the 
series. However, if the profile has lost its dominant characteristics, 
so that the soil properties that are characteristic of the series are 
changed, a new series should be recognized. 
That statement of policy is specific, and the instructions with respect to 
the recognition of a new type are not difficult to put into practice. The last 
sentence of the quotation, however, presents certain problems. First, what are 
to be the "dominant characteristics" whose presence or absence determine th e 
the series name ? Second, how completely are those characteristics to be effaced 
before they are agreed to be " lost? " Third, what series name is to be applied, 
if erosion makes the former name inapplicable ? 
Presumably "dominant characteristics" were in the minds of the inspectors 
when they distinguished between Burchard and Steinauer soils on the basis 
of a thicker and better-developed profile and lower-lying lime in the former. 
In the discussion of the separation of Burchard and Steinauer soils, certain 
profile differences were pointed out, which would interpret the meaning of a 
" better-developed " profile. Changes with depth of such properties as per cent 
of clay, per cent of oxidizable material , per cent of calcium carbonate, and 
pH values were shown to differ for the two series. It must be admitted, how-
ever, that if in the case of ideal profiles there are to be the vagaries already 
pointed out, certainly one must expect still greater ones for the general run 
of profiles of the two series. The conclusion becomes inev itable that in field 
mapping one could not consistently use any criterion other than depth to visible 
lime in determining the series name to be applied to an isolated profile in a 
cultivated field. 
With regard to the second question which was raised, "How completely 
are those characteristics to be effaced before they are agreed to be 'lost? '", 
no satisfactory answer can be given. The problem then becomes much the 
same as that already discussed in connection with the atypical Burchard-Stein-
auer profile (P7). In the field the surveyor can sometimes refer to a profile 
along a road or a fence line, or in an adjacent pasture, but such a procedure 
is highly unsatisfactory, and the conclusions reached are not necessarily accur-
ate. In the case of these two soils alone the problem of mapping eroded soils 
is not too perplexing, for with but a single feature to be considered an unfail-
ing "dominant characteristic," its effacement can be judged with reasonable 
accuracy. There is a related soil, however-the Pawnee-which possibly could 
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be confused with Burchard or Steinauer as a consequence of erosion. Pawnee 
soils, as they have recently been described ( 18), have a definite claypan and 
a zone of lime enrichment. Parent materials are described as being variable, 
but in many places the C horizon is the same calcareous glacial drift which 
underlies Burchard and Steinauer soils. When this is true, erosion would 
result in the formation of a soil which, with respect to depth to lime, might 
be either Burchard or eroded Pawnee. It is probable, however, that the 
eroded Pawnee could be recognized by the remnants of the old claypan, 
which would have become the new surface soil. 
The third question is one whose answer cannot be lightly given. What 
series name is to be applied, if erosion makes the former name inapplicable? 
It is the general practice, when a soil has been severely eroded, to give it the 
name of an associated soil. Thus many Pawnee and Burchard soils, as a 
consequence of severe erosion, would be called Steinauer. Steinauer soils, 
following erosion, would retain their series designation. The instructions in 
the survey handbook ( 15) are that a new series should be recognized, when 
the soil properties characteristic of the former series are changed. Strictly 
speaking, however, a severely eroded Pawnee is not a Steinauer, it is an eroded 
Pawnee as long as there is any resemblance to Pawnee, and hence a new series 
name should be established. Similarly, an eroded Burchard is not a Steinauer. 
In practice, however, a point is reached where the difference between an 
eroded Burchard and a Steinauer is slight, as is that between a severely eroded 
Pawnee and Steinauer. Seldom would a new series name need to be estab-
lished for such a transitory thing as a soil in the process of being eroded. Some-
times, however, there is a real difference between an eroded soil and an as-
sociated soil, as in the case of a moderately eroded Pawnee and a Burchard, 
even though the depth to lime may be the same in both instances. 
It seems probable that there will never be complete consistency among 
surveyors in the treatment of these eroded soils. As long as both degree of 
erosion and soil type are mapped, two surveyors can have honest differences of 
opinion with regard to mapping a particular eroded area. Statements of 
policy can never remove the personal factor. It is the opinion of the authors 
that whenever possible the soil should receive the series name indicative of the 
original profile. Erosion phases sufficient to indicate the degree of alteration 
should be established. 
Classification of Burchard and Steinauer Soils 
The Division of Soil Survey (9) has classified the Burchard soils as "nearly 
mature soils of the uplands developing on calcareous areas of Kansan drift 
in the Prairie soil zone." This description implies that with sufficient time the 
Burchard soils would become zonal soils in the Prairie great soil group, and 
that they are now best described as belonging to the Prairie group. The reason 
for this classification is not clear. Prairie soils have been described as not in-
cluding those dark-colored soils of the treeless plains in which carbonates have 
been concentrated in some part of the profile by soil-forming processes (2). 
The Burchard soils would be excluded on this point. In the field it is typi-
cal for these soils to have horizons in which lime is present as hard concre-
tions and as soft segregations. That there has been some concentration is 
supported by the calcium carbonate data for the three Burchard profiles 
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(Table 4 ). Presumably this lime has been concentrated there as a part of the 
soil-forming process. Below these horizons of lime accumulation is the glacial 
drift, in which carbonate is present in several physical forms, but typically in 
seams and spots. Would it not be more logical to put these soils in the intra-
zonal order, which includes soils that "reflect the dominating influence of some 
local factor of relief, parent material, or age over the normal effect of the 
climate and vegetation?" Presumably the suborder would then be Calcimor-
phic, but as yet no great soil group name has been proposed which would be 
applicable. It might be better to classify Burchard and similar soils as normal 
soils of the Prairie-Chernozem transition, although by definition they appear 
to belong to the intrazonal order. 
Steinauer soils are classified (8) as Lithosols, found within the northern 
part of the Prairie and Chernozem soil zones. Lithosols are described (2) as 
those having "no clearly expressed soil morphology and consisting of a 
freshly and imperfectly weathered mass of rock fragments." This description 
is far from an accurate representation of the characteristics associated with 
Steinauer profiles. It would seem that the subdivision of the azonal order 
into Lithosols, Alluvial soils, and Sands (dry) is insufficient. Steinauer soils 
have fewer dominant profile characteristics than have Burchard soils, but 
nevertheless they cannot be said to have no clearly expressed morphology. In 
addition, they do not consist of "rock fragments," in the nontechnical connota-
tion of "rock." It would seem desirable to have another great soil group to 
take care of the many soils of which the Steinauer are representative. 
SUMMARY AND CONCLUSIONS 
1. A study Was made of the soils mapped as types of the Burchard and 
Steinauer series. A part of the conclusions drawn from the investigation is 
based upon observations made in southeastern Nebraska, and the remainder 
upon laboratory data taken by horizons from nine profiles. Six profiles were 
taken from type locations of different types of Burchard and Steinauer series. 
The remaining three profiles were chosen to represent soils which might be 
mapped as ·types of the Burchard series, but which had some of the character-
istics of the related serie_s, viz., Carrington, Steinauer, and Pawnee. 
2. The mapping history of soils developed from calcareous glacial drift in
Nebraska is presented along with the current mapping and classification of 
Burchard and Steinauer soils. 
3. The following physical properties were determined for all samples from 
the nine profiles: plasticity index, hygroscopic coefficient, moisture equivalent, 
and specific gravity. Volume weight determinations were made in the hori-
zons of seven profiles. Mechanical analyses were made of two Burchard and 
two Steinauer profiles. 
4. Oxidizable material, pH, and carbonate content were determined for all 
horizons from the nine profiles. Cation exchange capacity was determined in 
all horizons of eight profiles. Exchangeable calcium was determined for the 
noncalcareous samples. Exchangeable sodium and potassium were determined 
for one Burchard and one Steinauer profile. 
5. Field observations and laboratory data indicate that typical Burchard 
soils differ from typical Steinauer soils in three important respects. First, 
the Burchard soils have a definite textural B horizon whereas the Steinauer 
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soils do not have a textural B horizon. Second, the two soils differ markedly 
in total amount and distribution of organic matter. In the Burchard soils, the 
organic matter decreases gradually and with fair uniformity of rate to a 
depth of 35 inches. In the Steinauer soils, however, the amount decreases quite 
rapidly to a· depth of about 10 inches and then decreases very slowly imo the 
lower B and C horizons. Third, the two soils differ in pH and carbonate 
content. In the Burchard soils the pH values indicate slight acidity to a 
depth of 20 or more inches with carbonate being present at a depth of about 
26 inches. In contrast, the Steinauer soils have pH values of 6.9 or above 
from the surface downward with noticeable amounts of carbonate throughout 
the profile and a marked concentration at a depth of 12 inches. 
6. Steinauer soils usually occur on steeper slopes than Burchard soils. How-
ever, the prediction of the series from the percentage slope alone would be 
hazardous; the length of the slope and its nature other than grade have greatly 
influenced soil formation. 
7. Data presented on atypical soils point out some of the more likely 
variants of uneroded Burchard and Steinauer soils. Where the variant is 
between typical Burchard and Steinauer, the nature of the adjacent soils plus 
the slope in the questionable area would be used in deciding upon a series 
name. True Burchard-Steinauer catenary complexes have been recognized and 
are being mapped. Variants between Burchard and Carrington soils may be 
encountered on slopes but would probably be in very narrow bands and thus 
could be mapped with either Carrington or Burchard soils. Observations by 
the authors indicate that variants of Burchard and Pawnee soils are unlikely 
to be encountered in extensive areas. 
8. Problems of mapping eroded areas of Steinauer, Burchard, and related 
soils on the basis of their dominant characteristics are discussed. 
9. The distribution of carbonate in the Burchard soils suggests a definite 
lime horizon. Possibly these soils should be classified as either intrazonal 
soils or as normal soils of the Prairie-Chernozem transition rather than as 
nearly mature soils of the Prairie soil group. 
10. The classification of the Steinauer and similar soils as Lithosols 1s 
questioned. 
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APPENDIX 
Detailed descriptions of the soil profiles used in this investigation are as 
fo llows: 
Burchard Soils 
Burchard clay loam.-Type loca ti on by F. A. H ayes, A. R. Marqua rdt, A. D. Thornburg, 
and J. H . Fleisher. 
Location.- 21 0 feet eas t of northwes t corner, sec. 16, T. 2N., R 9E., Pawnee county, 
Nebr. 
Landscape.- Gentl y roll ing to rol ling area, pa rtiall y c'uitivated and partially in weedy 
pasture. The profile samples were taken from a wide roadside strip ad jacent to a pasture. 
The pit was dug about one-half wa y down a slightl y convex slope, approx imately 300 feet 
in length, which faces wes t by northwest. The slope gradient was 8 per cent above the p it, 
10 below it. 
Surface condition.-Apparentl y undi sturbed ; covered by a good grow th of big and little 
bl uestem and other gra sses. 
Soil profile Pl.-
Sample 
number Horizon 
942 1 A1 
9422 _-\3 
942 3 B1 
9424 Bn 
9425 
9426 
0 
6 
12 
17 
Description of horizons 
to 6 inches, brownish-gray to brownish-black clay loam, firm 
granular throughout, with onl y a li ttle gravel. 
to 12 inches, brownish-gray to dusky brown clay, granules more 
firm than in the A1, with some gravel and a few pebbles. 
to 17 inches, light to dark yellowish-brown clay which breaks 
into small , stable, and irregular blocks. There are some dusky 
brown surfaces and some strong brown iron stains and small 
concre tions. 
to 23 inches, light to dark yellowish-brown clay ma trix con-
siderably mottled by weak brown and brownish-gray, with 
numerous strong brown, strong yellowish-brown, and brownish-
black iron stains and small concretions. The structural pieces 
are stable blocks 1 to 2 inches in dimensions. 
23 to 27 inches, very ligh t to dark yellowish-brown clay w ith 
some brownish-black but chiefl y strong brown iron stains. 
Massive to coarse blocky structure predominates. T his la yer is 
the most difficult of all to penetrate with a knife. 
27 to 35 inches, very light to light yel lowish-brown clay with more 
iron stains than in the B2 ,. Definite structural blocks are lack-
ing. The material is easil y crumbled into irregular pieces ¼ 
to ½ inch in diameter; it is moderately friable when moist, but 
very plastic when wet. Lime is disseminated in the matrix and 
segrega ted as soft white masses 1 inch or less in diameter. 
9427 Ba 2 35 to 47 inches, very pale brown to light yellowish-brown clay 
with numerous seams and spots of soft lime. Strong yel lowish-
brown iron stains occur near lime segregations; there are a few 
strong yellowish-brown iron concretions 1 inch or less in diam-
eter. Dark gray to black stains are common on the structural 
blocks, which are distinctl y angu lar and have dimensions of 1 
or 2 inches. These blocks may be broken into smaller but 
equall y distinct and angular pieces. 
9428 C 4 7 to 53 inches, very pale brown to weak yellow clay, which 
differs from the Ba 2 in that it is slightly more friab le when moist, 
is more easily penetrated by a knife, and has fewer of the strong 
yellowish-brown stains. 
Burchard clay loam.- T ype loca tion by F . A. H ayes, A. R. Marquardt, A. D . Thornburg, 
· and J. H . Fleisher. 
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Location.-950 feet nor th of south west corner of sec. 16, T. 3N., R. llE., Pawnee county, 
Nebr. 
Landscape.-Undulating to gentl y rolling area, partially culti va ted and partiall y in 
meadow and pas ture with an excellent nati ve grass cover. The profil e samples were taken 
fro m a narrow roadside strip adj acent to a meadow. The pit was dug about 160 fee t from 
the cres t of a hill , near the lower end of a 3 per cent slope. Below the sa mpling loca tion 
the slope graded into one of 7 per cent, reaching a dra inage wa y about 260 feet northwes t 
of the pi t. 
Surface condition.- Apparentl y undisturbed; covered by a good growth of big and littl e 
blues tem and other grasses . 
Soil profile (P2) .-
Sample 
number Horizon 
9439 A11 
944 0 A12 
944 1 Aa 
9442 B1 
9443 B, 
9444 
9445 
94 46 Ba• 
0 
3 
8 
13 
20 
Description of horizons 
to 3 inches, brow nish-gray to brownish-black clay loam which 
is friable as a result of its high organic matter content. Struc-
ture is pul verul en t to crumb. 
to 8 inches, brownish-gray to brownish-black clay loam, moder-
ately friable , with soft though dense g ranu les . 
to 13 inches, brownish-gra y to dusky brown clay, moderately 
fri able, with firm granules. The color and structure were the 
bas is fo r the A, designation. 
to 20 inches, very dark yellowish-brown to dusky brown clay 
with some brownish--black and black aggrega tes. The color 
lightens toward the lower part of the horizon. T he clay is 
very tough but not stick y when worked between the fin gers. 
to 27 inches, light to dark yellowish-brown clay with many 
light brownish-gray to brownish-black aggregates . This horizon 
is mos t difficult of all to penetrate w ith a kni fe; the clay 
is very tough and sticky. Massive to blocky structure predom-
inates, with some tendency fo r the 1-inch irregular blocks to 
break into smaller pieces. 
27 to 33 inches, very pa le brow n to dark yellowish-brown clay 
w ith n umerous black and a few stro ng brown and modera te 
brown iron stains. The structure is like that of the B,, but the 
material is much easier to penetrate with a knife. The clay 
is slightl y friable but is tough and sticky when wet. Lime 
occurs in a disseminated form. 
33 to 39 inches, very pale brown to dusky yellow clay with light 
yellowish-brown iron stains and onl y a few small spo ts of soft 
white lime, although the matrix is ca lcareous. The clay is 
more friab le, somewha t less tough, but about as stick y 
as that in the Ba 1. 
39 to 46 inches, very pale brown to dusky yell ow clay of a con-
sistence similar to that of the Ba 2, onl y slightl y more friabl e. 
There are a few very strong brown to stro ng yellowish-brown 
stains and concretions, and numerous spots of soft w hite lin1e 
up to 1 inch in diameter. 
9447 C 46 to 54 inches, similar to the B, • excep t tha t there are fewer 
iron stains, and the material is slightl y easier to penetrate with 
a knife. 
Burchard loam.- Set up as a type loca tion for Carr ing ton loam by F . A. H ayes before 
the Burchard series was recognized . 
Location.-65 feet north of west quar ter corner of sec. 5, T. 8N R. SE. , Lancaste r 
county, Nebr. 
Landscape.-Gently rol ling to rolling area, largely under cultivation. The pit was dug 
in a narrow roadside strip, about one half way down a southwes t-facing slope w hich was 
450 feet in length. Immedia tely above the sampling location the culti va ted hill for med a 
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slightl y concave slope of 12 per cent, for a distance of abou t 190 fee t. Beyond tha t 
there was a 7 per cent slope fo r 90 fee t to the top of the hill. From the pit to the drain-
age wa y the or iginal slope was complex but roughl y 8 per cent. A 12 per cent slope is 
not now rega rded as typica l for Burcha rd, although phases of that series arc mapped on 
such slopes. 
Surface condition.-There was some ev idence of recent deposition of colluvial and 
aeolia n material. A mixture of weeds and grasses for med the vege ta tion on the roadside 
stri p. 
Soil profile (P3) .-Numerous pieces of weathered granite, quartzite, and diorite up to 8 
inches in diameter were observed along the roadside bank. The ra ther grave ll y profi le 
appeared to be less well developed than the other two Burchard soil s. T here was a gen-
era ll y uniform color in each hori zon, with onl v a few dark-colored surfaces, iron con-
cre tions or iron stains, eve n in the lower horizons. 
Sample 
number Horizon 
946 1 
9462 
9463 
9464 
9465 
94 66 
9467 
9468 
9469 
A,2 
B, 
C 
Description of horizons 
0 to 4 inches, brownish-gray to brownish-black loam , pul ver-
ulent to soft granular, possibl y largely a recen t dust accu mula-
tion. 
4 to 10 inches, weak brown to brownish-black loa m, friable, fi ne 
g ranular 1n structure. 
10 to 15 inches, weak to dusky brown clay loa m, fin e nutlike 
aggrega tes moderately difficu lt to crush. T he layer is difficul t 
to penetrate with a knife. The separation at 10 inches is dis tinct. 
15 to 21 inches, dark yellowish-brow n to weak brown cla y, w ith 
a few light ye llowish-brown concretions. Coarse and indistinct 
p rismatic structure. 
21 to 26 inches, light to da rk yellowish-brown clay, similar in 
other respec ts to the B, , . 
26 to 35 inches, very pa le brown to light yellowish-brown clay, 
somewhat mottl ed with dark yellowish-brown. Upper pa rt of 
calca reous layer, with lime principa ll y in hard irregular con-
cre tions, mos tl y less than % inch in d iameter. There is some 
di sseminated lime in the blocky ma tri x; the pieces have abou t 
I inch dimensions in the lower pa rt of the horizon. 
35 to 44 inches, very pa le brown to light yellowish-brown clay, 
w ith a few strong yellowish-brow n stains. Definite blocks, about 
one inch in d imensions, are somewhat limy but most of the 
lime is in structural crac ks and in irregular spo ts up to I inch 
in diame ter. 
44 to 56 inches, very pa le brown to dusky yellow clay. Moderate 
to strong brown stains are adjacent to the spots and sca ttered 
sea ms of lime; other wise thi s hori zon resembles the B, 3 • 
56 to 66 inches, wea k yellow clay. There arc irregular patches of 
strong brown and strong yellowish-brow n stains, pa rticularl y 
nea r 66 inches . Distinctl y bl ocky structural pieces have about 
½ inch hori zontal and I inch vertical dimensions. Lime 1s 
present as soft and bard spots up to an inch in d iameter. 
Steinauer Soils 
Steinauer clay loam.-Type loca tion by F. A. Hayes, A. R. Marquardt, A. D. Thornburg, 
and J. H . Fleisher. 
Location.-800 feet south of wes t quarter corner, sec. 16, T . 3N., R. ] I E., Pawnee 
county, Nebr. 
Landscape.-Undulating to gentl y rolling area, partiall y culti va ted and partiall y 
in meadow and pas ture with an excellent nati ve grass cover. The pit was dug in a roadside 
strip adj acent to a nati ve gra ss meadow. It was loca ted 35, feet north of the center of a 
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symmetrical convex ridge top, with a slope both to the north and south of roughl y 2 per 
cent. North of the pit the slope graded to 7 per cent, and continued for 200 feet to the 
drainage way. The eas t-wes t line of the ridge top was almos t level for a distance of 200 
fee t in the sampling area. Burchard samples 9439 to 9447 were taken in the same sec-
tion. 
Surface condition.-Apparentl y undis turbed; covered by a good growth of big and little 
bl ues tem and other grasses. 
Soil profile (P4) .-
Sample 
number Horizon 
9486 A1 
948 7 ,\3 and B1 
9 -1 88 
94 89 Ba , 
9490 C 
0 
7 
Description of horizons 
to 7 inches brownish-gray to dusky brown noncalca reous clay 
loam . In the u pper portion there is a crumb structure; in the 
lower pa rt small , fi rm to hard granules predomi na te. 
to 15 inches, light to dark yellowish-brown clay loam to clay 
w hich is noncalca reous. The lower 6 inch portion is slightl y 
lighter in color, and somewhat finer in texture than the upper 
pa rt. T here is some tendency to break into unstable prisms 
of l to 2 inch d imensions. 
15 to 22 inches, very light to dark yellowish-brown clay m atrix, 
with specks of black and weak yellow, and light to strong brown 
stains. Moderately dense-appearing structural pieces have sur-
faces more irregular than those in the 7 to 15 inch hori zon. 
Li me is present in both the matrix and in moderately ha rd 
concretio ns. 
22 to 32 inches, weak yellow to dark yellowish-brown clay loam, 
with stro ng yellowish-brown stains. Lime is present chiefl y in 
spo ts but also in seams. T endency toward well-defined blocks 
is grea ter than in the B, 1. 
32 to 44 inches, weak yellow to light yellowish-brown clay, with 
modera te to strong brown stains adjacent to the spo ts and seams 
of lime. The structura l pieces are well -defined , w ith dimen-
sions ranging up to 2 inches . The sur faces are almos t fl at, and 
commonl y meet a t angles near 90 °. 
Steinauer loam.-Type loca tion by F . A. H ayes, A. R. Marquardt, A. D . Thornburg, and 
J. H . Fleisher. 
Location.- 150 fee t wes t of a point halfway between the north quarter corner and the 
northeast corner of sec. 14, T . 2N., R. JOE., Pawnee county, Nebr. 
Landscape.-Rolling topograph y, partiall y cultiva ted and partiall y in meadow and pas ture 
with a fair nati ve grass cover. The pit was dug about halfway down a sharply convex 
slope, 600 fee t in leng th, which faced northeas t. From the cres t of the hill to the pit the 
slope increases from an initial 3 per cent to one of 13 per cent. Sixty fee t below the pit 
the original slope (before the road was constructed) breaks ra ther sharply to one of 20 
pe r cent which ex tends almost to the first bottomland. 
Surface condition.- Thcre were a few weeds and some white-flowered sweet clover in 
the grass on this slope. 
Soil profile (P5) .-
Sample 
number Horizon 
9403 
9404 A3 and B1 
9405 
Description of horizons 
0 to 4 inches, dark brown to brownish-gra y loam, with crumb 
to fine granular structure. Disseminated lime is present, but 
there is no visible concentration. 
4 to 9 inches, light yellowish-brown to brownish-gray loam, with 
firm though modera tel y porous granules. There are a few 
strong brown concretions. The lime is disseminated . 
9 to 15 inches, very light to dark yellowish-brown clay loam to 
clay with a few strong hrown and numerous moderate yellow-
9406 B,2 
9407 
9408 C, 
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ish-brow n concretions. N umerous spots of soft lime, from ¼ 
to ½ inch in diameter, are present. Structural pieces are 
friable, irregular blocks, which have indistinct na tu ra l breakage 
p lanes. 
15 to 20 inches, light yellowish-brow n clay with numerous strong 
yellowish-brow n stains. As compared with the B, 1, this 
horizon is easier to penetra te with a kni fe, has a few more spo ts 
of lime, and less well -defined structural pieces. 
20 to 27 inches, light to modera te yellowish-brown sa ndy loam, 
with very numerous strong yellowish-brow n stains. Structural 
pieces or cracks are lacking. Lime is present in a few soft spo ts 
and in disseminated form . The strong yellowish-brown stains 
are particularl y evident a t the contact between this sandy 
pocket and adjacent material. 
27 to 41 inches, very light to modera te yellowish-brown clay loam 
to clay, with some strong yellowish-brown stains and a few 
strong brown concretions. White lime is present as concretions, 
spo ts 1 to ½ inch in diameter, and in seams. Structural blocks 
are well-defined, with smooth surfaces and sharp corners; 
d imensions a rc fro m 1 to 2 inches. 
Soil profile (P6) .-These sam ples we re taken from ano ther wa ll of the pit used for the 
co ll ection of samples 9403 to 9408. T he sa nely pocket was absent fro m this profil e. 
Sample 
number 
9409 
94 10 
94 11 
94 12 
94 13 
Horizon 
A1 
A, and B1 
B,1 
C 
Description of horizons 
0 to 5 inches, dark ye llowish-b rown to dusky brown loa m, with 
crumb to line granular structu re. Onl y d isseminated lime is 
presen t. 
5 to 10 inches, da rk yellowish-brown to weak brown clay loam, 
with firm though porous granules . There is d issem ina ted lime 
and an occasional concretion less than ¼ inch in d iameter. 
10 to 15 inches, light to dark yellowish-brown clay loam to clay, 
with some strong yellowish-brown and dark orange stains 
and concre tions. Lime concretions, less than ¼ inch in d iameter , 
are fa irly numerous. Structural pieces are indistinct irregular 
blocks. 
15 to 24 inches, weak yellow to light yellowish-brown clay loam 
to clay, with numerous strong yel lowish-brown stains. Spots 
and sea ms of soft white lime are abundant. T he structure is 
similar to that of the B3 1, excep t tha t the blocks a re more 
distinct, with d imensions of ¼ to ½ inch in the lower pa rt. 
24 to 41 inches, weak yellow to light yellowish-brown clay loam 
to clay, with numerous strong yellowish-brown stains. D efinite 
structural blocks have di mensions from 1 to 1 ½ inches. There 
are numerous seams and spo ts of lime. 
Atypical Soils 
"Burchard-Steinauer" loam.-Chosen to illustrate a soil intermed ia te in stage of develop-
ment be tween typical members of those two series. 
Location.-330 fee t wes t of southeas t corner of sec. 18, T . 4N., R. l l E., Johnson county, 
Nebr. 
Lanclscape.-Uncl ul a ting topography, largely under culti va tion. The profil e was sampled 
from the bank of a narrow strip on a slightl y convex 10 per cent slope approx imately 
400 fee t long. 
Surface condition.- There was little evidence of di sturbance of the surface soil , a lthough 
there were weeds as well as nodding wild rye and big blues tem. Sca ttered osage orange 
hedge plants were present. 
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Soil profile (P7) .-
Sample 
number Horizon 
9543 A~ 1 
9544 
9545 
9546 B1 2 or B2 
9547 Ba 
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Description of horizons 
0 to 3 inches, brownish-gray to brownish-black loam, pul verulent 
to soft g ranular. 
3 to 6 inches, brownish-gray to dusky brown loam to clay loam, 
firm granular. 
6 to 11 inches, dark to very dark yellowish-brown clay, with 
some dusky brown surfaces. Somewhat massive structure, with 
marked tendency to break into small irregular blocks. Tex-
tural change is abrupt a t 6 inches. 
II to 19 inches, light to dark yellowish-brown clay, w ith numerous 
strong yellowish-brown stains. Structure is similar to that 
of B1. 
19 to 27 :nches, light to da rk yellowish-brown clay, slightl y cal-
careous. Structural pieces are distinct irregular blocks, with 
d imensions of ½ to I inch. 
9548 C 27 to 35 inches, ve ry ligh t to light yellowish-brown clay, wi th 
strong yellowish-bro wn stain s. Definite structural blocks have 
dimensions from I to I ½ inches. There arc numerous seams 
and spots of lime. 
"Burchard-Pawnee" loam.-Selected to represent a soil intermediate in charac teristics 
between typical members of the two series. 
Location.- 260 fee t wes t of southeast corner of sec. 18, T. 4N., R. 11E Johnson county, 
Nebr. 
Landscape.- Undulating topography, largely under culti va tion. The pir was dug at the 
lower edge of a 3 per cen t culti va ted slope, 800 fee t long, which faced southwes t. Just 
below this pit the slope broke sharply to one of 10 per cent, on which profile P7 was 
sampled. 
Surface condition.- Similar to tha t for the Burchard-Steinauer profi le, wh ich was 
sa mpled onl y 70 feet wes t of this p it. 
Soil profile (PS).-
Sample 
number Horizon 
9549 A11 
9550 A12 
95 51 B1 
9552 B21 
9553 B22 
9554 B, 
9555 Ct 
9556 
Description of horizons 
0 to 4 inches, brownish-gray to brownish-black loam, fai ntl y 
granular. Numerous rock fragments are on the surface . 
4 to 11 inches, weak to d usky brown clay loam, d istinctly 
granular. Horizon is gra vell y, and more difficult than the A11 
to penetrate with a knife. 
11 to l 4 inches, both pale and weak to dusky brown g ranu les 
of clay loam to clay. 
14 to 21 inches, modera te to dark yellowish-brown clay. The 
horizon is massive, with some tendency toward vertica l break-
age. 
21 to 30 inches, light to dark yellowish-brown clay, similar to the 
B, 1 . 
30 to 39 inches, light yel lowish-brown clay with numerous strong 
yellowish-bro wn stains. H ori zon is easier than the B2 2 to pene-
tra te with a kni fe . It has mass ive to blocky structure. Some 
lime is accumula ted on the surfaces of coarse gravel fragments. 
39 to 48 inches, light yellowish-brown clay with numerous strong 
ye llowish-brown stains, with typica l blocky structure. Lime is 
present in di ssemina ted form, and as hard and soft materiai 
in pockets I to 2 inches in diameter. There are some hard cal-
ca reous lumps, possibl y wea thered limes tone. 
48 to 55 inches, very light to li ght yellowish-brown silty clay, 
simi lar to the Ct. 
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" Burchard-Carrington" loam.-Sampled to represent soils with characteristics of both 
of these series. 
Location.- About 0.4 mile west of northeast corner of sec. 14, T. SN., R. 9E., Otoe 
county, Nebr. More precisely, the pit was 180 feet east of a permanent north-south fence 
separating a native grass pasture from a cultiva ted valley. 
Landscape.-Undulating to gently roll ing topography in an area partially under cultiva tion , 
partially used for pasture and meadow. T he pit was dug in a well-grassed roadside strip 
adjacen t to a native grass pasture. Above the pit was a convex slope, 6 per cent near the 
crest of the hill, 14 per cen t on down to the sampling loca tion. From there to a wide drain-
age way, a distance of 300 fee t, the slope was 10 per cent. 
Surface condition.-Native grass, apparentl y undisturbed. Pulverulent structure would 
suggest recen t dust accumula tion, bu t the level was the same as that in the adjacent pasture. 
Soil profile (P9) .- Along the road the profile is largely typical of Burchard soils, w ith 
lime no deeper than 30 inches. Marked local varia tions occur with respect to depth to lime, 
as well as to the number of boulders exposed. 
Sample 
number Horizon Description of horizons 
9470 A11 
9471 A12 
9472 B1 
9473 B, 
9474 B31 
9475 Ba2 
9476 Bas 
9477 C 
0 
5 
13 
21 
29 
39 
46 
to 5 inches, weak brown to brownish-black loam, pulverulent 
to soft granular structure. 
to 13 inches, weak to d usky brown loam, with considerable 
gravel present. Finely granular structure, and the granules are 
difficu lt to crush. The separation a t 13 inches is arbitrary. 
to 21 inches, dark yellowish-brown to weak brown clay loam, 
with considerable gravel. Structure is coarse granular, and 
granules are more stable than in the A, 2. 
to 29 inches, light to dark yellowish-brown clay, with consider-
able gravel. Some tendency to break in to unstable, som ewha t 
p rismatic blocks about 1 to ½ inch. 
to 39 inches, light yellowish-brown clay with a few m odera te 
yellowish-brown stains. Stable, well-defined prismatic struc-
tural blocks with about 1 inch dimensions. 
to 46 inches, light yellowish-brown clay with a few moderate 
yellowish-brown stains. 
to 58 inches, light yellowish-brown clay with strong yellow-
ish -brown and strong brown stains. The horizon is gravelly 
and stony; lime is on the gravel surfaces, as well as in con-
cretions. This horizon extends across the face of the pit, but 
its vertical position varies 6 inches up or down from the depth 
ind ica ted. 
58 to 66 inches, very light to light yellowish-brown clay with a few 
strong yellowish-brown and strong brown stains. Blocky struc-
ture is well defined . Very little gravel is present. Lime is 
chiefl y in widely spaced seams, although there are some con-
cretions, and pockets of soft lime. 

